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Objective. To evaluate five risk scoring methods in predicting the immediate postoperative outcome after elective open
repair of abdominal aortic aneurysm (AAA).
Design. Retrospective evaluation of the Eagle score, Glasgow aneurysm score, Leiden score, modified Leiden score and
Vanzetto score in a consecutive series of patients.
Patients. Two hundred and eighty-six consecutive patients undergoing elective infrarenal aortic aneurysm repair.
Results. Nine patients (3.1%) died in hospital and another 35 (12%) experienced severe postoperative complications. For
the Glasgow aneurysm score, Leiden score, modified Leiden score and Vanzetto score receiver operating characteristics
(ROC) curve analysis for prediction of in-hospital mortality showed area under the curve (AUC) of 0.749 (p ¼ 0.01), 0.777
(p ¼ 0.008), 0.788 (p ¼ 0.006) and 0.794 (p ¼ 0.005), respectively. The Eagle risk score was less accurate for predicting
in-hospital mortality. The risk-scoring systems did not perform well in predicting post-operative complications, but
multivariate analysis showed that the modified Leiden score was an independent predictor of postoperative complications.
Conclusion. All scoring systems predict, with reasonable accuracy, the risk of in-hospital death in patients undergoing
elective open repair of AAA, whereas the accuracy in predicting severe postoperative complications is less.
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Introduction
Elective open repair of abdominal aortic aneurysm
(AAA) is performed to prevent aneurysm rupture and,
thus, to reduce the extremely high risk of death
associated with such an event. However, elective
surgical repair of an AAA is associated with post-
operative mortality rates ranging from 0 to 12%.1,2
Therefore, in patients undergoing AAA surgery it is
essential to assess preoperatively the overall surgical
risk, in order to identify those patients who are at
highest risk, who may benefit from endovascular
treatment or conservative management.
During the last two decades, several operative risk
indices have been developed, but their widespread
use has been hampered by their complexity, lack of
validation in large studies or low accuracy.3–5 Fur-
thermore, most of scoring methods used in clinical
practice for preoperative risk assessment are focused
only on the prediction of cardiac events after non-
cardiac surgery or are derived from heterogeneous
populations.6–8
In search of a simple and effective risk score,
derived in an AAA population, we have previously
evaluated the Glasgow aneurysm score in predicting
the immediate and long-term outcome in elective open
repair of AAA.9,10 The aim of the present study is to
retrospectively validate and compare the value of the
Glasgow Aneurysm score and four different preopera-
tive risk scoring methods, derived in AAA popu-
lations, in a recent series of consecutive patients who
underwent elective open repair of AAA.11–15
Patients and Methods
The medical records of a consecutive series of patients
who underwent open repair of AAA from January
2000 to December 2002 at the San Camillo-Forlanini
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Hospital, Rome, Italy, were reviewed retrospectively.
Only patients who had elective infrarenal aortic
reconstructions were included in the study.
Clinical data on previous and coexistent cardiovas-
cular, respiratory, renal, gastrointestinal and neuro-
logical diseases had been collected preoperatively on
routine basis in the patients’ records by a vascular
surgeon. Furthermore, cardiac records, which were
routinely filled by the cardiologist during the pre-
operative visit, and included ambulatory ECG and
resting transthoracic echocardiography, were avail-
able. In particular, the cardiologists prospectively
collected the parameters included in the Eagle
score.11 Data on postoperative complications were
retrieved from patients records and causes of death
were obtained from patients’ and/or autopsy records.
The Eagle score,11 the Glasgow aneurysm score,12
the Leiden score,13 the modified Leiden score14 and the
Vanzetto score15 were calculated retrospectively
according to different preoperative criteria as listed
in Table 1. Electrocardiographic ST abnormalities
were assigned to Leiden13 and Vanzetto15 scores
independently from the value, expressed in mm, of
ST-segment depression from baseline.
Outcome endpoints included postoperative in-
hospital death and postoperative severe complications,
defined as any of the following complications: renal,
cardiac, pulmonary, any cerebrovascular compli-
cations, paraplegia, sepsis, intestinal ischemia, multi-
organ failure, severe bleeding, and peripheral arterial
and venous complications.
Postoperative renal complications were regarded as
a relevant increase in serum concentrations of creati-
nine requiring medical and/or dialysis treatment.
The diagnosis of postoperative myocardial infarc-
tion was made in presence of electrocardiographic
changes suggesting myocardial ischemia and an
increase of serum CK-MB or troponin concentrations.
Postoperative respiratory complications ranged from
pneumonia to radiographic findings of atelectasia or
pleural effusion.
Statistical analysis was performed using the SPSS
software (SPSS v. 10.0.5, SPSS Inc., Chicago, IL, USA).
Continuous data are reported as the mean ^ standard
deviation. The Chi-square test was used for univariate
analysis of categorical data. The Mann–Whitney test
was used to analyse continuous variables in different
subgroups. Logistic regression with the help of back-
ward selection was used for multivariate analysis.
Only those variables with p , 0:05 at univariate
analysis were included in the regression model. The
receiver-operator characteristic (ROC) curve was used
Table 1. Scoring methods criteria
Preoperative risk factor Eagle Score11 Glasgow
aneurysm
score12
Leiden score13 Modified Leiden score14 Vanzetto score15
Age 1 if .70 years Years 0 if 70 years 1 every
2.5 years
(60 ¼ 24; 80 ¼ þ4)
0 if 70 years 1 every
2.5 years
(60 ¼ 24; 80 ¼ þ4)
1 if .70 years
Female gender 4 4
Myocardial infarction 3 3 1
Angina pectoris 1 1
Myocardial disease 7
Q waves on ECG 1 1
ST/T changes on ECG 8* 1†
Ventricular ectopy 1
Hypertension with LVH 1
Congestive heart failure 8 8 1
Diabetes mellitus 1 1
Cerebrovascular disease 10
Renal disease 14‡ 12§ 12{
Pulmonary disease 7 7
Center-specific
average surgical mortality
0 if 5% (3% ¼ 25; 4% ¼ 22;
6% ¼ 2; 8% ¼ 5; 12% ¼ 10)
LVH, left ventricular hypertrophy; myocardial disease: documented myocardial infarctions and/or on-going angina pectoris;
cerebrovascular disease: all grades of stroke including transient ischaemic attacks; pulmonary disease: COPD, emphysema, dyspnea or
previous pulmonary surgery.
*If ST-segment depression is .2 mm from baseline.
†If ST-segment depression is $1 mm from baseline.
‡If history of cronic and acute renal failure and/or urea .20 mmol/l and/or creatinine .150 mmol/l.
§If creatinine .160 mmol/l.
{If creatinine .180 mmol/l.
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to evaluate the adequacy of the scoring methods
in predicting a postoperative complication and to
identify the best cut-off values. A p # 0:05 was
considered statistically significant.
Results
Two hundred and eighty-six patients underwent
elective open repair of an infrarenal AAA. Preopera-
tive clinical, laboratory and instrumental variables are
reported in Tables 2 and 3. The Eagle, Glasgow, Leiden
and modified Leiden risk scores were calculated in all
cases, according to different preoperative criteria listed
in Table 1.
Since echocardiographic data were available for
review only in 251 patients, the Vanzetto score was
calculated only in this smaller cohort of patients.
One hundred and ninety patients (66.4%) under-
went aorto-aortic bypass, 76 (26.6%) an aorto-bi-iliac
reconstruction, eight patients (2.8%) an aorto-bife-
moral bypass graft and 12 patients (4.2%) aorto-
iliofemoral bypass grafting.
Post-operative in-hospital mortality
Nine patients (3.1%) died during the hospital stay. Two
patients died from heart failure, two from myocardial
infarction, four from multi-organ dysfunction and one
died during re-operation for severe bleeding. The rate
of cardiac death was 1.4%.
Univariate analysis showed that the Eagle score
ðp ¼ 0:04Þ; the Glasgow aneurysm score ðp ¼ 0:006Þ;
the Leiden score ðp ¼ 0:007Þ; the modified Leiden score
ðp ¼ 0:004Þ and the Vanzetto score ðp ¼ 0:002Þ pre-
dicted postoperative mortality. Among pre-operative
variables included in the scoring methods, age, female
gender, history of angina pectoris, Q wave and ST/T
changes on electrocardiography were significantly
associated with poor outcome (Tables 2 and 3).
Among the remaining preoperative variables, pericar-
dial effusion, left ventricular hypertrophy, aortic valve
stenosis and atrial fibrillation on ECG were signifi-
cantly associated with an increased risk of post-
operative death (Table 3).
According to the multivariate analysis, age (OR
1.22, 95% CI 1.04–1.44, p ¼ 0:01), preoperative angina
pectoris (OR 12.78, 95% CI 1.79–91.30, p ¼ 0:01),
preoperative atrial fibrillation on ECG (OR 53.38,
95% CI 3.14–906.84, p ¼ 0:006) and preoperative aortic
valve stenosis (OR 217.76, 95% CI 3.29–14,390.2,
p ¼ 0:01) were independent predictors of post-opera-
tive mortality.
The ROC curve analysis for age revealed an area
under the curve of 0.77 (95% CI 0.66–0.88; SE, 0.05;
p ¼ 0:005) for predicting post-operative mortality. The
best cut-off value was 75 (sensitivity 77.8%, specificity
68.2%, accuracy 68.5%, positive predictive value (PPV)
7.4%, negative predictive value (NPV) 98.9%). The
postoperative mortality was 1% in patients aged less
than 75 years whereas it was 7.4% among patients
older than 75 years ðp ¼ 0:004Þ: When ‘age more than
75 years’ was included in the regression model,
multivariate analysis showed that this variable was
an independent predictor of post-operative mortality
(OR 7.51, 95% CI 1.53–36.91, p ¼ 0:01).
The ROC curve analysis for all risk scores showed
that the Glasgow aneurysm score, Leiden score,
modified Leiden score and Vanzetto score all were
predictive of post-operative mortality (Table 4). Fig. 1
shows the mortality rates for each tertile or class of
these five risk-scoring methods.
Postoperative morbidity
Thirty-five patients (12%) experienced severe post-
operative complications during the in-hospital stay
(Table 5).
Univariate analysis revealed that the Glasgow
aneurysm score ðp ¼ 0:05Þ; Leiden score ðp ¼ 0:01Þ;
modified Leiden score ðp ¼ 0:006Þ; Vanzetto score ðp ¼
0:04Þ; body mass index ðp ¼ 0:01Þ; pre-operative heart
failure ðp ¼ 0:02Þ; pre-operative history of arrhythmia
ðp ¼ 0:05Þ; previous CABG ðp ¼ 0:02Þ and pre-operat-
ive aortic valve stenosis ðp ¼ 0:001Þ were associated
significantly with an increased risk of developing
severe post-operative complications. Multivariate
analysis showed that the modified Leiden score (OR
1.10, 95% CI 1.02–1.18, p ¼ 0:01) was the only
independent predictor of severe postoperative
complications.
Analysis of the ROC curves showed that the
modified Leiden score had the best area under the
curve for predicting severe postoperative compli-
cations (Table 4). According to the cut-off value of 3,
postoperative complications rate was 8.0% in patients
with a score #3 and 20.4% among those with a higher
score ðp ¼ 0:002Þ:
Discussion
Preoperative stratification of the operative risk is of
major importance in patients requiring repair of AAA.
In fact, surgery of AAA is associated with variably
high rates of post-operative mortality and morbidity
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rates, which are partially related to the invasive nature
of surgery for aortic aneurysm and to the frequent
existence of severe co-morbidities in this patient
population. Surgeons’ and anesthesiologists’ experi-
ence as well as hospital volume are likely to have a
relevant impact on the immediate postoperative out-
come,17,18 but their prognostic weight remains con-
troversial until we validate appropriate methods of
risk stratification, based on the assessment of co-
morbidities.
A number of risk scoring systems derived from
patients undergoing non-cardiac surgery have been
Table 2. Preoperative clinical variables and their distribution according to outcomes
Number Postoperative death Severe postoperative complications
Age (years) No 70.9 ^ 7 70.7 ^ 7* 70.4 ^ 7
Yes 77.1 ^ 4 73.0 ^ 8
Sex M 269 (94) 7 (3)† 32 (12)
F 17 (6) 2 (12) 3 (18)
Body mass index No 26.1 ^ 3 26.1 ^ 3 26.4 ^ 3†
Yes 25.0 ^ 4 25.0 ^ 4
Body surface area‡ No 1.8 ^ 0.1 1.9 ^ 0.1 1.9 ^ 0.1
Yes 1.7 ^ 0.2 1.8 ^ 0.2
COPD No 256 (90) 8 (3) 31 (12)
Yes 30 (10) 1 (3) 4 (13)
Limiting dyspnea No 274 (96) 9 (3) 34 (12)
Yes 12 (4) 0 1 (8)
Dyspnea on exercise No 278 (97) 9 (3) 34 (12)
Yes 8 (3) 0 1 (12)
Lower limb ischaemia No 246 (86) 9 (4) 30 (12)
Yes 40 (14) 0 5 (12)
Transient ischaemic attack No 271 (95) 8 (3) 31 (11)
Yes 15 (5) 1 (7) 4 (27)
Stroke No 271 (95) 9 (3) 33 (12)
Yes 15 (5) 0 2 (13)
Myocardial infarction No 213 (88) 6 (3) 24 (11)
Yes 34 (12) 3 (4) 11 (15)
Angina pectoris No 272 (95) 7 (3)† 32 (12)
Yes 14 (5) 2 (14) 3 (21)
Heart failure No 282 (99) 9 (3) 33 (12)†
Yes 4 (1) 0 2 (50)
History of arrhythmia No 256 (90) 7 (3) 28 (11)†
Yes 30 (10) 2 (7) 7 (23)
Previous CABG No 254 (89) 8 (3) 27 (11)†
Yes 32 (11) 1 (3) 8 (25)
Previous PTCA No 265 (93) 9 (3) 34 (13)
Yes 21 (7) 0 1 (5)
Current smoking No 191 (67) 6 (3) 21 (11)
Yes 95 (33) 3 (3) 14 (15)
Hypertension No 69 (24) 1 (1) 9 (13)
Yes 217 (76) 8 (4) 26 (12)
Hyperlipidemia No 197 (69) 7 (4) 24 (12)
Yes 89 (31) 2 (2) 11 (12)
Use of beta-blockers No 244 (85) 7 (3) 28 (11)
Yes 42 (15) 2 (5) 7 (17)
Diabetes No 256 (90) 9 (4) 33 (13)
Yes 30 (10) 0 2 (7)
Eagle score No 0.7 ^ 0.6 0.7 ^ 0.6† 0.7 ^ 0.6
Yes 1.2 ^ 0.8 0.8 ^ 0.7
Glasgow aneurysm score No 75 ^ 9 75 ^ 9* 74 ^ 9†
Yes 84 ^ 8 78 ^ 10
Leiden score No 22 ^ 5 22 ^ 5* 22 ^ 5†
Yes 2 ^ 6 1 ^ 5
Modified Leiden score No 3 ^ 4 3 ^ 4* 2 ^ 4*
Yes 6 ^ 4 4 ^ 5
Vanzetto score No 1 ^ 1 1 ^ 1* 1 ^ 1†
Yes 2 ^ 1 1.4 ^ 1
Value in parentheses are percentages; continuous variables are reported as the mean ^ standard deviation. COPD, chronic obstructive
pulmonary disease; CABG, coronary artery bypass grafting; PTCA, percutaneous transluminal coronary angioplasty.
*p , 0:01
†p , 0:05
‡According to Mosteller.16
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Table 3. Pre-operative laboratory and physiological data and their distribution according to outcome endpoints
Number Postoperative death Severe postoperative complications
Hemoglobin (g/dl) No 13.8 ^ 1.6 13.9 ^ 1.6 14 ^ 1.5
Yes 13.0 ^ 2.5 13.0 ^ 2.0
WBC ( £ 103) No 7.3 ^ 2 7.3 ^ 2.0 7.1 ^ 2.0
Yes 7.6 ^ 2.0 7.3 ^ 2.0
Creatinine (mmol/l) No 106.3 ^ 67 106 ^ 68 98 ^ 28
Yes 118 ^ 54 138 ^ 106
Urea (mmol/l) No 7.8 ^ 3 7.9 ^ 3 7.6 ^ 3
Yes 8.0 ^ 4.0 10.0 ^ 5.0
Serum Kþ (mEq/l) No 4.0 ^ 0.4 4.0 ^ 0.4 4.0 ^ 0.4
Yes 4.0 ^ 1.0 4.1 ^ 1.0
Serum Naþ (mEq/l) No 140 ^ 3 141 ^ 3 141 ^ 3
Yes 140 ^ 3 140 ^ 3
Q-wave No 283 (99) 8 (3)* 34 (12)
Yes 3 (1) 1 (33) 1 (33)
ST/T changes No 283 (99) 8 (3)* 34 (12)
Yes 3 (1) 1 (33) 1 (33)
Atrial fibrillation No 283 (99) 8 (3)* 34 (12)
Yes 3 (1) 1 (33) 1 (33)
Diskinesia No 208 (73) 6 (3) 25 (12)
Yes 43 (15) 2 (5) 7 (16)
Acinesia No 219 (77) 8 (4) 27 (12)
Yes 32 (11) 0 5 (16)
Disturbances of diastolic function No 147 (51) 4 (3) 18 (12)
Yes 104 (36) 4 (4) 14 (13)
Mitral valve insuff. No 164 (57) 4 (2) 18 (11)
Yes 87 (30) 4 (5) 14 (16)
Tricuspid valve insuff. No 201 (70) 6 (3) 23 (11)
Yes 50 (18) 2 (4) 9 (18)
Aortic valve insuff. No 193 (66) 4 (2) 23 (12)
Yes 58 (20) 4 (7) 9 (16)
Aortic valve sclerosis No 170 (59) 4 (2) 24 (14)
Yes 81 (28) 4 (5) 8 (10)
Aortic valve stenosis No 249 (87) 7 (3)† 30 (12)†
Yes 2 (0.7) 1 (50) 2 (100)
Ectatic aortic root No 232 (81) 8 (3) 30 (13)
Yes 19 (7) 0 2 (10)
Pericardial effusion No 246 (86) 7 (3)‡ 31 (13)
Yes 5 (2) 1 (20) 1 (20)
Left ventricular hypertrophy No 217 (76) 5 (2)‡ 27 (12)
Yes 34 (12) 3 (9) 5 (15)
Value in parentheses are percentages; continuous variables are reported as the mean ^ SD; echocardiographic data were available in 251
patients; insuff., insufficiency.
*p , 0:01
†p , 0:001
‡p , 0:05
Table 4. Results of the receiver operating characteristic curve analysis for each scoring method according to outcome endpoints
AUC 95% CI SE p-value Best cutoff value Sens. (%) Spec. (%) Acc. (%) PPV (%) NPV (%)
Postoperative death
Eagle score 0.689 0.505–0.873 0.094 n.s. 1 88.9 39.7 41.2 4.6 99.1
Glasgow aneurysm score 0.749 0.599–0.900 0.077 0.01 79 77.8 67.5 67.8 7.2 98.9
Leiden score 0.777 0.664–0.890 0.058 0.008 22 88.9 65.7 66.4 7.8 99.4
Modified Leiden score 0.788 0.680–0.896 0.055 0.006 3 88.9 67.5 68.2 8.2 99.5
Vanzetto score 0.794 0.606–0.983 0.096 0.005 1 87.5 74.1 74.5 10.0 99.4
Postoperative severe complications
Eagle score 0.546 0.436–0.656 0.056 n.s. 1 62.9 39.0 41.9 12.5 88.2
Glasgow aneurysm score 0.626 0.523–0.729 0.052 0.02 79 51.4 68.5 66.4 18.5 91.0
Leiden score 0.663 0.565–0.761 0.050 0.003 22 57.1 66.9 65.7 19.4 91.8
Modified Leiden score 0.678 0.579–0.777 0.051 0.001 3 57.1 68.9 67.5 20.4 92.0
Vanzetto score 0.604 0.499–0.709 0.053 n.s. 1 40.6 74.0 69.7 18.5 89.5
AUC, area under the curve; 95% CI, 95% confidence interval; SE, standard error; sens, sensitivity; spec, specificity; acc, accuracy; PPV,
positive predictive value; NPV, negative predictive value; n.s., not statistically significant.
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developed during the last two decades, but they seem
to lack accuracy.5 We have identified five of these risk
scoring methods as of possible value in the specific
setting of AAA repair. These five methods were
retrospectively evaluated in the present study.
All of these risk-scoring methods were found to be
predictive of postoperative mortality, the Eagle risk
score being the least accurate. However, ROC curve
analysis showed that the area under the curve was far
from being satisfactory. Moreover, of the remaining
risk-scores, none reached an area under the curve of
more than 0.80. Nevertheless, the identification of a
cut-off value significantly discriminating patients at
higher risk of postoperative death, in all but the Eagle
score, provides some evidence for their clinical
usefulness. In fact, as clearly shown in Fig. 1, these
scores are valuable in identifying those patients with a
postoperative mortality rate ranging from 7.3% to
10.0%.
Should we use these score in clinical practice? As
stated above, the risk-scoring methods we evaluated
are far from being able to identify those patients in
whom the risk of post-operative mortality is either
zero (0%) or certain (100%). However, these risk-
scoring methods offer a valuable means to estimate
whether the risk of post-operative mortality is likely to
be higher than the short-term risk of aneurysm
rupture. A recent study by Lederle and colleagues,19
showed that the 1-year incidence of probable rupture
by initial AAA diameter was 9.4% for AAA of 5.5–
5.9 cm, 10.2% for AAA of 6.0–6.9 cm and 32.5% for
Fig. 1. Plots showing post-operative in-hospital mortality
according to different tertiles and scores of each risk-scoring
method.
Table 5. Postoperative complications
Number (%)
Arrhythmia 32 (11)
Respiratory complications 17 (6)
Disorientation, delirium 8 (3)
Bleeding 7 (2)
Myocardial infarction 6 (2)
Hypertension 5 (2)
Renal complications 4 (1)
Heart failure 4 (1)
Multiorgan failure 4 (1)
Peripheral arterial complications 3 (1)
Intestinal occlusion 3 (1)
Wound complications 3 (1)
Intestinal ischemia 2 (1)
Stroke 1 (0.3)
Sepsis 1 (0.3)
Vein thrombosis 1 (0.3)
Paraplegia 1 (0.3)
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AAA of 7.0 cm or more. Thus, when the aneurysm is
less than 7.0 cm in diameter and the post-operative
mortality risk is approaching 10%, the patient is likely
to benefit the most from conservative management or,
when feasible, from endovascular treatment.
Which one of these risk-scoring methods is the best
one? The Vanzetto and the Glasgow score seem to be
rather simple methods associated with a satisfactory
accuracy, whereas the complexity of the original and
modified Leiden scores makes their clinical use some-
what more difficult. The Vanzetto score requires
electrocardiographic and echocardiographic examin-
ation, whereas the Glasgow score, the simplest, does
not require extensive cardiac investigations. Therefore
the Glasgow score should be considered as the most
useful for a quick risk stratification during initial
patient consultations. However, we found that only
one of the parameters, included in the Glasgow
aneurysm score, was significantly associated with
postoperative death, which may argue against its
validity. Age was one of the most important determi-
nants of postoperative death in this patient series, but
these patients were older than those in whom the
Glasgow score was previously evaluated.9,10 Thus, in
our study, patient age may have dominated other
clinical risk factors. There also were other differences
between the patients in these studies9,10 in terms of
preoperative pulmonary, cardiac and renal comorbid-
ities. In our opinion, these differences may explain the
diverse performance of the same risk score. This does
not decrease the value of the Glasgow aneurysm score
as it performed well also in patient populations with
very different characteristics.
In conclusion, it is possible to evaluate with some
accuracy the risk of post-operative death in patients
undergoing elective open repair of AAA by using
the Glasgow, Leiden, modified Leiden score and the
Vanzetto scores. Their accuracy in predicting the
occurrence of severe post-operative complications is
somewhat lower. Among these risk scoring systems,
the Glasgow aneurysm score seems to be the one
easiest to use in routine clinical practice.
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